Aim: To evaluate differences between cultivated and wild mushroom poisoning in terms of clinical characteristics, laboratory findings, and complications. We also aimed to determine the differences among patients in regard to presence of complications.
Introduction
Mushroom poisoning (MP) is an important cause of poisoning worldwide. Around 100 mushroom species are known to be poisonous to humans while 20 species contain lethal toxins (1, 2) .
Most deadly poisonings are caused by the amanita phalloides species, also known as the death cap; which is followed by the gyromitra (now grouped in the Discinaceae family) group (3) . The severity of MP ranges from mild food-poisoning symptoms to serious life-threatening cases (4) . Due to the number of unreported cases, the symptomatic similarity with other food poisonings, and the relatively low number of serious cases that require medical attention; determining the overall incidence of MP is difficult and usually requires a patient history indicating the consumption of mushrooms. As such, the incidence of MP is also unclear in Turkey (3) . Another important point is that, although MP due to the foraging of mushrooms is much more frequent, commercially obtained mushrooms have been shown to cause poisonings in up to 5-7% of cases (5-7).
The clinical manifestation of MP may range from simple gastroenteritis to serious psychological effects, fatal liver and kidney failure (8) . There are many factors that determine the severity of MP. Season, ingested amount, mushroom type, and preparation of the mushroom are some of these factors. As previously stated, patient history is very important in the diagnosis and care of MP. Identifying the type of mushroom is also important in some regions in which mushrooms that contain lethal toxins are endemic (9) .
MP is categorized according to the time of symptom onset: Early onset (<6 hours), late onset (6-24 hours) and delayed onset (>24 hours). Early onset poisoning usually presents with GI and allergic symptoms and less commonly neurotoxic symptoms. Late onset poisoning presents with hepatotoxic and nephrotoxic symptoms and erythromelalgia syndrome. Delayed onset presents with hepatotoxic, nephrotoxic, delayed neurotoxic and rhabdomyolytic symptoms (10) . The diagnosis and treatment of MP cases are based on patient history, clinical manifestation (including category), laboratory findings and identification of the responsible mushroom.
Early diagnosis and treatment are the most important factors that affect morbidity and mortality in MP. Although specific approaches in regard to mushroom type exist; treatment of MP is largely supportive even if the mushroom is identified. Treatment options include; activated charcoal, hemodialysis, hemoperfusion, hemofiltration, supplementation of fluidelectrolytes, symptomatic treatment, antiemetics, silibinin, N-acetylcysteine, pyridoxine, benzodiazepines, aspirin, nicotinic acid, and high dose penicillin (6, (10) (11) (12) (13) (14) (15) (16) (17) (18) . The use of penicillin in most MP cases is currently being disputed (19) ; however, it is still a popular treatment option.
Our aim was to evaluate the clinical characteristics, laboratory findings and complications of wild and cultivated mushroom poisonings. In cultured mushroom poisoning, symptoms were developing earlier than wild fungi poisoning. We also observed that the incidence of serious complications such as acute renal failure and cardiotoxicity was higher in cultured mushroom poisoning. Acute renal failure developed in 22 and (37.2%), cardiotoxicity in 3 of 59 patients (5.08%) who were poisoned by cultured mushroom.
Materials and Methods
The study was a retrospective evaluation of patients, admitted to Konya Training and Research Hospital between 01 January 2014 and 31 December-2017 who were diagnosed with MP. Patient inclusion criteria were: (1) Being older than 18 years of age, (2) accepting treatment from our clinic, (3) remaining at our clinic until their results were obtained or the end of treatment. Twenty-one patients were excluded from the study; 8 due to being younger than 18, 7 due to refusal of treatment, and 6 due to leaving the hospital while primary care/treatment was continuing (these 6 patients did not inform that they were leaving and did not fill an AMA form; thus they were not included in the study. Whereas patients who had sufficient data and later had filled an AMA form were included in the final evaluation). A final total of 168 patients were included in the study.
Local ethics committee approval was obtained at 28 March 2017/985 from University of Necmettin Erbakan and the Helsinki declaration and good clinical practice guidelines were followed for the entirety of the study.
The following characteristics of patients were recorded: Age, sex, complaints, time until hospital admittance, time until symptom onset, mushroom source, any interventions until patient arrived to the hospital, laboratory findings, complications, length of stay (LoS) at hospital, and patient discharge status. The following conditions were accepted as complications: Acute renal failure, neurotoxicity, cardiotoxicity, rhabdomyolysis. The patients were asked about the features of mushroom. Data from the patients who have information about the mushroom species were recorded. If the patient didn't have information about the mushroom species, they were asked about the shape and the source of mushrooms. The mushrooms with a pale cap and stalk are accepted as cultivated mushroom.
Statistical Analysis
All analyses were performed on SPSS v21. KolmogorovSmirnov test was used to determine normality of distribution. Continuous variables were analyzed with the Mann-Whitney U test and described as median (minimum-maximum). Categorical variables were analyzed with chi-square test and described as frequency (percentage). The relationships between continuous variables were determined by calculating Spearman correlation coefficients.
Results
We included 168 patients (79 males and 89 females) in our study. The mean age was 46.66±18.66 years. The cause of poisoning was cultivated mushrooms for 57 (33.9%) patients and wild mushrooms for 111 cases (66.1%). It was found that patients in the wild mushroom group were older than the patients in the cultivated mushroom group (p=0.006). Cultivated mushrooms were largely consumed by patients who live in metropolitan areas (p<0.001). Patients who consumed wild mushrooms had higher troponin levels (p=0.017), lower base excess values (0.032) and longer LoS at hospital (p=0.029) ( Table 1) . Fifty-five (49.5%) patients in the wild mushroom group, and 29 (50.9%) patients in the cultivated mushroom group developed complications. Complications were more frequent in patients who lived in urban and metropolitan areas than those who lived in rural areas (p<0.001), and in patients with higher educational status (p=0.002). Symptoms were seen earlier in patients who had complications than those who had not (p=0.001). Patients with p<0.001) and also a positive weak correlation between age and hospitalization (LoS) time (r=0.239; p=0.003).
Discussion
Although determining the incidence of MP through retrospective studies has various limitations, we believe that overall MP incidence is lower in our area than other parts of our country.
There was no death due to MP in our study. We found that cultivated mushrooms were mostly consumed by patients in the metropolitan area. Patients who consumed wild mushrooms had higher troponin levels, lower base excess values, and longer LoS at hospital. Furthermore, patients who had complications had higher ALT and bilirubin levels while they were surprisingly found to have lower urea and CK-MB values, earlier symptom onset, and shorter LoS at hospital. We also identified various results of which some could be compared with available literature and some that could not.
Due to the regional differences of fungi population and poisonousness, we aimed to assess domestic reports to evaluate MP incidence in Turkey and found that, in 2008 a total of 1210 MP cases were reported to the national poisoning center, which represented 43.54% of all poisonings from food sources (20) . However, epidemiologic and clinical studies of MP in Turkey are limited to single-center studies which only represent local poisoning cases. Five major single-center Turkish studies cumulatively including a total of 1411 patients reported a total of 26 deaths (1.8%) due to MP (3, 6, 7, 21, 22) which is comparable to various studies (18) but lower than studies which include patients poisoned with amanita phalloides (23, 24) . Reports from other countries and regions such as the United States and Europe estimate that there are around 100-200 yearly fatalities due to MP (25, 26) . A study by Yamaura (27) , reported a total of 1920 cases and 10 deaths between 2001-2010 in Japan. In our study we did not observe any death due to MP, which may be explained by the relatively low rate of wild MP cases, fast arrival at hospital, prompt treatment, and low rate of serious complications.
Various domestic studies (6,7) and a report from the Food and Agriculture Organization (FAO) of the United Nations (5) show that cultivated mushrooms represent 5-7% of MP cases; which is an important finding when cultivated mushrooms are accepted as 'safe' by the general population. We report a very high rate (n=57, 33.9%) of cultivated MP in our study. This rate may be explained by the unfavorable climate for mushrooms and the unpopularity of mushroom foraging in our region, which may have increased the proportion of cultivated MP cases. Some studies from Turkey report rates of MP due to foraging close to 100%, while others report poisonings from commercial mushrooms in up to 12% of their cases (21) . Analysis of cases based on the source of mushrooms (wild or cultivated) showed that cultivated mushrooms were the main source of poisoning in patients from the metropolitan area. We also found that troponin levels, base excess and LoS at hospital were lower in the cultivated mushroom group. To our knowledge, our rate is the highest reported rate of MP due to cultivated mushrooms in Turkey. This limits the feasibility of comparing findings with other studies in this matter.
The clinical course of MP is usually based on the type of mushroom, which is directly related to the onset time of symptoms. Early onset shows better prognosis while patients with late and delayed onset show poor prognosis (6, 7, 28, 29) . In our study, when patients were grouped in regard to development of complications, we found that complications were more frequent in patients who lived in urban and metropolitan areas compared to rural areas. Patients with complications had higher ALT and direct bilirubin levels as expected. However, we also found that patients with complications had earlier onset, shorter LoS at hospital, lower urea and CK-MB values in comparison to patients without complications. This is a surprising finding which is contrary to the literature (1,3,9,21) may simply be explained by incorrect patient history. However, another explanation may lie in our definition of complication; which included mild conditions, thus our statistics may have been affected. In the light of these findings, we believe that complications are not rare in cultivated MP and also, it may be plausible to suggest that mild complications do not affect prognosis in MP. Our findings and our conclusion requires further studies and explanations which may be obtained by analysis of complications separately.
There are several strengths of our study. Firstly, we have a large group of patients due to our center being a major hospital in area; secondly, our study evaluated patients based on the source of mushroom and the presence of complications, rather than the more common "demographic-descriptive" assessment. Finally, our study showed that the laboratory findings of these clinically indistinguishable conditions were also similar. There are also limitations to our study. Firstly, we did not identify mushroom species; however, although identification of mushroom is helpful in treatment, it is not an absolute requirement for the effective management of MP (8). We did not evaluate the effect of season on MP which has been shown to be an important factor in various studies (6, 30) ; however, we were interested in identifying the differences in terms of mushroom source and complications; thus evaluating seasonal effects were not necessary. Secondly, we did not separate mild and severe complications which may explain our results that were in contrast with the literature. Finally, the retrospective nature of the study is also a limitation.
Conclusion
In conclusion, we suggest that educational measures should be taken to instruct the general public -not only about the risks of mushroom foraging-but also about precautions that should be taken in the preparation and consumption of cultivated mushrooms. We also want to remind clinicians that the most important step in the approach to MP is identifying mushroom ingestion from the patient history and promptly beginning supportive treatment even if the source is cultivated mushrooms. We believe our findings provide a new approach to complications in MP and shed light on the differences (and similarities) between cultivated and wild MP. Some of our findings are in contrast with the literature; however, we believe this is largely due to the perception and definition of mild and severe complications. These results may be explained by future studies that separate complications by severity.
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